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(54) Optical disk and optical disk apparatus 

(57) An optical disk comprises-a first member (111), 
which has a disk-shaped first transmission substrate 
(1 01), a reflecting layer (103) provided on the first trans- 
mission substrate (101), and a protective layer (105) 
provided on the reflecting layer (103), for recording the 
desired information, an adhesive layer (107) having a 
first surface and a second surface bonded to the protec- 
tive layer (105), and a second member (112) having at 
least a second transmission substrate (102) bonded to 
the first surface of the adhesive layer (107), wherein the 
thickness of the optical disk is 1 .19 mm or more and the 
degree of a deviation in said optical disk rotating at a 
specific rotation speed is within ± 0.3 °. 
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Description 

This invention relates to an optical disk and an opti- 
cal disk apparatus. 

With recent advances in the digital signal process- 
ing techniques and in the moving-picture compressing 
techniques promoted by standardizing organizations, 
including the MPEG (Moving Picture Image Coding 
Experts Group), there have been great demands toward 
optical disks of the same size as that of a CD (compact 
disk) and capable of reproducing moving-picture infor- 
mation such as a movie for a long time, in place of VTRs 
and laser disks. For example, when two hours of mov- 
ing-picture information is recorded in the form of analog 
video signal using a standard TV system, such as the 
NTSC, as with a laser disk, the capacity required 
amounts to 80 Gbytes (giga-bytes) including audio. Use 
of the moving-picture compressing techniques pre- 
scribed by a standardization scheme called MPEG2, 
however, requires only a capacity of about 4 Gbytes to 
record two hours of image information, even if the pic- 
ture quality is as good as that of a high picture quality 
VTR, such as S-VHS. The 4 Gbyte capacity is already in 
practical use with postscript-type optical disks of 300 
mm in diameter and will be used more and more for 
household purposes in the future. In this situation, it will 
be needed to realize an easy-to-handle 1 20 mm diame- 
ter CD with almost the same capacity That is, the 
recording density of optical disks must be made higher 
than that of the currently used CDs. 

To raise the recording density of an optical disk, 
smaller pits are made in an optical disk at a smaller 
track pitch and the spot size of a reproducing light beam 
focused on the optical disk is made smaller so that 
minute pits on the optical disk can be read in the repro- 
duction optical system. For pit processing techniques, 
for example, optical disk matrix recording techniques 
using Kr ion laser light (ultraviolet light) with a wave- 
length of 351 nm have been proposed and enables the 
formation of smaller pits than those formed with a con- 
ventional Ar ion laser. With the reproduction optical sys- 
tem, use of a reproducing light beam of shorter 
wavelength from a short-wavelength light source, such 
as a red LD, and an increase in the NA of an objective 
lens enable the beam spot diameter to be made smaller. 
Advances in these techniques have enabled com- 
pressed moving picture information by MPEG2 to be 
recorded more than two hours on a single-sided optical 
disk and more than five hours on a double-sided optical 
disks. 

When the compressed moving-picture information 
by MPEG2 is recorded onto or reproduced from an opti- 
cal disk, the total error rate in the recording/reproducing 
system, that is, the error rate of the compressed moving 
picture information finally inputted to the MPEG2 
decoder, is required to be about 10~ 20 or less. The error 
rate is expressed by the number of error bits per byte. 
The error rate of the compressed moving-picture infor- 
mation is alleviated in such signal processes as the 



waveform equalization or error correction of the repro- 
duced signal from the optical disk. The maximum reduc- 
tion of the error rate by the signal processing is 
presently 10~ 16 . To realize a total error of 10" 20 , the error 
rate due to the optical disk itself must be made less than 
10" 4 . At present, however, concrete measures to make 
the error rate due to the optical disk itself less than 10~ 4 
has not been found. 

As described above, when the compressed mov- 
ing-picture information by MPEG2 is recorded onto or 
reproduced from an optical disk, the error rate of the 
reproduced compressed moving picture information 
must be less about IQ" 20 or less. When the effect of 
reducing the error rate by such signal processes as 
waveform equalization or error correction is taken into 
account, it is necessary to make the error rate due to the 
optical disk itself 10" 4 or less. In the prior art, however, 
concrete measures to meet the requirements have not 
been proposed. 

The object of the present invention is to provide an 
optical disk capable of reducing the error rate due to an 
optical disk itself to 10" 4 or less and an optical disk 
apparatus using the optical disk. 

A first aspect of an optical disk according to the 
present invention comprises: a first member, which has 
a disk-shaped first transparent substrate, a reflecting 
layer provided on said first transparent substrate, and a 
protective layer provided on said reflecting layer, for 
recording the desired information; an adhesive layer 
having a first surface and a second surface bonded to 
said protective layer; and a second member having at 
least a second transparent substrate bonded to the first 
surface of said adhesive layer, and the thickness of said 
optical disk is 1.19 mm or more and the degree of a 
deviation in said optical disk rotating at a specific rota- 
tion speed is within ±0.3 °. Furthermore, the thickness 
of said optical disk is 1 .32 mm or less, 

A second aspect of an optical disk according to the 
present invention comprises: a first member, which has 
a disk-shaped first transparent substrate, a reflecting 
layer provided on said first transparent substrate, and a 
protective layer provided on said reflecting layer, for 
recording the desired information; an adhesive layer 
having a first surface and a second surface bonded to 
said protective layer; and a second member having at 
least a second transparent substrate bonded to the first 
surface of said adhesive layer, and the thickness of 
each of said first and second transparent substrate is 
0.58 mm or more and 0.64 or less. 

A third aspect of an optical disk according to the 
present invention comprises: a first member, which has 
a disk-shaped first transparent substrate, a reflecting 
layer provided on said first transparent substrate, and a 
protective layer provided on said reflecting layer, for 
recording the desired information; an adhesive layer 
having a first surface and a second surface bonded to 
said protective layer; and a second member having at 
least a second transparent substrate bonded to the first 
surface of said adhesive layer, characterized in that the 
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degree of a deviation in said optical disk rotating at a 
specific rotation speed is within ±0.3 °. With this config- 
uration, the specific rotation speed is 1350 rpm. 

Preferred embodiments of the present invention are 
as follows. 

(1) The second member further includes a reflect- 
ing layer provided on said second transparent sub- 
strate and a protective layer provided on said 
reflecting layer, and records the desired informa- 
tion. 

(2) The diameter of at least said first transparent 
substrate is 119.7 mm or more and 120.3 mm or 
less. 

(3) At least said first transparent substrate is made 
of a material whose refractive index is 1 .45 or more 
and 1.65 or less. 

(4) The material of at least said first transparent 
substrate is one of polycarbonate and a resin 
including polycarbonate, and PMMA. 

(5) The adhesive layer is made of hot-melt adhe- 
sive. 

(6) The reflecting layer is made of an aluminum film. 

(7) The protective layer is made of photo-setting 
resin. 

(8) At least said first transparent substrate is flexible 
and said optical disk is more rigid than said first 
transparent substrate. 

(9) The degree of a deviation in at least said first 
transparent substrate rotating at said specific rota- 
tion speed exceeds the range of ± 0.3 °. 

Another optical disk according to the present inven- 
tion comprises: a first member, which has a disk- 
shaped first transparent substrate, a reflecting layer pro- 
vided on said first transparent substrate, and a protec- 
tive layer provided on said reflecting layer, for recording 
the desired information; an adhesive layer having a first 
surface and a second surface bonded to said protective 
layer; and a second member having at least a second 
transparent substrate bonded to the first surface of said 
adhesive layer, wherein the degree of a deviation in at 
least said first transparent substrate rotating at said 
specific rotation speed exceeds the range of ± 0.3 °, and 
the degree of a deviation in said optical disk rotating at 
said specific rotation speed is within ± 0.3 °. 

The main point of the invention lies in determining 
the extent to which the degree of a deviation in the opti- 
cal disk should be suppressed to achieve the desired 
error rate or less. In the second aspect of the invention, 
if the degree of a deviation in the optical disk rotating at 
a specific rotation speed (1350 rpm) is ± 0.3 ° or less, 
this will assure the desired error rate (10" 4 ) or. less. 

The degree of a deviation in the optical disk 
depends on the total thickness of the optical disk. Actu- 
ally, it was verified by experiments that the degree of 
deviation can be suppressed to within ± 0.3 ° by making 
the total thickness of the optical disk 1.19 mm or more. 
The first aspect of the invention is characterized that the 



optical disk has such a thickness. The thickness of the 
substrates accounts for most of the total thickness of the 
optical disk. Because the optical disk is formed by lami- 
nating two substrates (including the reflecting layer 103 
5 and the protective layer 105) together, making the 
respective substrates 0.58 mm or more in thickness 
results in an optical disk with a total thickness of 1.19 
mm or more. 

Because the degree of a deviation in the optical 

10 disk of the invention rotating at a specific rotation speed 
(e.g., 1350 rpm during reproduction) is within ± 0.3 °, 
the error rate due to the optical disk itself is suppressed 
to 10" 4 or less. Therefore, even when the compressed 
moving-picture information recorded according to the 

15 MPEG2 standard is reproduced, the error rate of the 
compressed moving-picture information inputted to the 
MPEG decoder can be reduced to about 10" 20 or less 
required in practical use to maintain the desired picture 
quality, as a result of the effects of reducing the error 

20 rate by such signal processing as waveform equaliza- 
tion or error correction. 

Furthermore, when the substrate is made too thick 
to increase the total thickness of the optical disk, the 
aberration of the light beam caused at the substrate due 

25 to the inclination of the optical disk to the light beam 
increases, which results in a decrease in the window 
margin in performing data identification at the signal 
processing system for the reproduced signals and an 
increase in the error rate. To solve this problem, the 

30 upper limit of the substrate thickness is set to 0.64 mm 
to secure 10% or more for the window margin, which 
enables the error rate due to the optical disk itself to be 
suppressed to 10~ 4 or less. This was verified by experi- 
ments. In this case, the upper limit of the total thickness 

35 of the optical disk is 1 .32 mm. 

The optical disk has a recording area and a nonre- 
cording area inside the recording area. It is expected 
that the nonrecordihg area will be thicker than the 
recording area because a label or the like will be put on 

40 part of the nonrecording area. For instance, if the thick- 
ness of the label is 0.1 mm, the thickness of the optical 
disk at the nonrecording area will be 1 .29 mm or more 
and 1 .52 mm or less. 

An optical disk apparatus according to the present 

45 invention comprises: an optical disk using above 
described optical disk; rotating means for rotating said 
optical disk at a specific rotation speed; light projecting 
means for projecting a light beam on said optical disk 
via an objective lens; light sensing means for sensing 

so the reflected light of the light beam projected by said 
light projecting means on said optical disk; signal repro- 
ducing means for producing from the output signal of 
said light sensing means a reproduced signal corre- 
sponding to the information recorded on said optical 

55 disk; and information restoring means for restoring the 
information recorded on said optical disk from the repro- 
duced signal supplied from said reproducing means, 
wherein the tilt angle of said optical disk to said light 
beam, including the degree of a deviation in said optical 
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disk rotating at said specific rotation speed, is 1 0 mrad 
or less. 

The signal reproducing means includes data identi- 
fying means for identifying data in the reproduced signal 
equalized at said waveform equalization means, and 5 
waveform equalization means for equalizing the wave- 
form of said reproduced signal, and said information 
restoring means includes error correcting means for 
correcting errors in the data obtained at said data iden- 
tifying means, and decoding means for restoring the 10 
information recorded on said optical disk by decoding 
the data subjected to error correction at said error cor- 
recting means. The numerical aperture of said objective 
lens is almost 0.6 and the wavelength of said light beam 
is almost 650 nm. 15 

With the optical disk apparatus of the invention, use 
of the optical disk in the second aspect of the invention 
suppresses to 1 0 mrad or less the tilt angle of the optical 
disk to the light beam including the degree of a deviation 
in the optical disk rotating at a specific rotation speed 20 
(e.g., 1350 rpm). The optical disk's tilt angle of 10 mrad 
or less to the light beam is in the allowable range 
required to suppress the error rate of the reproduced 
signal inputted to, for example, the processing system to 
10" 4 or less. With the optical disk of the invention, by lim- 25 
iting the degree of a deviation in the optical disk rotating 
at the specific rotation speed to within ± 0.3 0 (about ± 
5.24 mrad), the requirements for the accuracy of the 
optical head installation angle are eased. 

As described above, with the present invention, by 30 
determining the degree of a deviation in the entire opti- 
cal disk rotating at the specific rotation speed, the total 
thickness of the optical disk, and the substrate thick- 
ness, the error rate due to the optical disk itself can be 
suppressed to 1 0" 4 or less. 35 

Accordingly, with the present invention, it is possible 
to provide an optical disk and an optical disk apparatus 
which can reduce the error rate of the compressed mov- 
ing picture information recorded according to the 
MPEG2 standard to 10" 20 required for practical use, as 40 
a result of the effect of reducing the error rate by such 
signal processing as waveform equalization or error cor- 
rection, and which then can input the information to an 
MPEG decoder. 

This invention can be more fully understood from 45 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIGS. 1 A to 1 F are a perspective view and a sec- 
tional view of an optical disk according to an so 
embodiment of the present invention; 
FIG. 2 is a block diagram of an optical disk appara- 
tus; 

FIG. 3 is a drawing to help explain a deviation in an 
optical disk; 55 
FIG. 4 is a drawing to help explain the inclination of 
an optical disk; 

FIGS. 5A and 5B show the relationship between the 
degree of a deviation along the radius of the optical 



disk and along the circumference of the disk and 
the error rate attributable to the optical disk; 
FIG. 6 is a diagram to help explain the total thick- 
ness of the optical disk and the degree of a devia- 
tion in the disk; 

FIG. 7 is a drawing to help explain the diameters at 

various places of the optical disk; 

FIG. 8 is a drawing to help explain the thicknesses 

at various places of the optical disk; 

FIG. 9 a drawing to help explain the shape of a pit 

in the optical disk; 

FIG 10 shows the relationship between the posi- 
tion of light beams on the optical disk and the repro- 
duced signal; 

FIG. 1 1 is a block diagram of the waveform equali- 
zation circuit in the signal processing circuit of FIG. 
2; 

FIG. 12 shows the relationship between the thick- 
ness of the optical disk substrate and the window 
margin; 

FIG. 13 is a table listing the window occupation 
rates and calculation results of window margins 
with respect to the thickness of the optical disk; and 
FIG. 14 shows the relationship between the refrac- 
tive index of the optical disk and the thickness of the 
optical disk using the rms values of aberration as 
parameters. 

Hereinafter, referring to the accompanying draw- 
ings, an embodiment of the present invention will be 
explained. 

FIGS. 1 A and 1 B are a perspective view and a sec- 
tional view of an optical disk 100 according to an 
embodiment of the present invention. 

With the optical disk of the present invention, the 
one-side surfaces of disk-like transparent substrates 
101 and 102 in which pits are made according to the 
recording information such as compression moving pic- 
ture information are clad with reflecting layers 103 and 
104, respectively. On the reflecting layers, protective 
layers 105 and 106 are formed to chiefly prevent the 
reflecting layer 103, 104 from being oxidized, thereby 
producing a first and second information recording 
members 1 1 1 and 1 1 2. The first and second information 
recording members 111, 112 are laminated together 
with an adhesive layer 107 made of thermosetting adhe- 
sive into a unity, with the protective layers 105 and 106 
facing each other, thereby forming the optical disk 100. 
Made in the center of the optical disk 100 is a clamping 
hole 1 08, around whose periphery a clamping zone 1 09 
is provided. 

Although FIGS. 1A and 1B show an optical disk 
having the first and second information recording mem- 
bers on both sides of the adhesive layer 107, respec- 
tively, the invention may be applied to an optical disk 
having information recording member on one side only. 
In this case, when the optical disk has only the first infor- 
mation recording member, the second information 
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recording member may be of a structure that need not 
record any information as follows: 

(1) a transparent substrate only (FIG. 1 C) 

(2) a transparent substrate and a reflecting layer 
(FIG. 1D) 

(3) a transparent substrate and a protective layer 
(FIG. 1E) 

(4) a transparent substrate, a reflecting layer, and a 
protective layer (FIG. 1 F) 

Of these, although the structure of item (4) is the 
same as that of the first information recording member, 
it need not record information and therefore may not be 
a structure where the second information recording 
member has pits shown in FIG. 1 B. The same reason- 
ing holds true for items (2) and (3). 

Explanation of materials of the respective parts will 
be given. The substrates 101 , 103 are made of polycar- 
bonate, PMMA (polymethyl methacrylate), or resin such 
as resin including at least one of them as chief ele- 
ments. The reflecting layers 103, 104 are made of an 
aluminum thin film. The protective layers 105, 106 are 
made of photo-setting resin (ultraviolet-curing resin). 
The adhesive layer 107 is made of hot-melt adhesive 
(thermoplastic adhesive), such as a material of the pol- 
yether paraffin series: [-CH 2 -CH=CH-CH 2 ] n -[CH 2 - 
CH(OCH 3 )-] n .. 

During reproduction, the reproducing light beam 
emitted from an LD (not shown) travels through the 
reproduction optical system, passes through an objec- 
tive lens 203, enters the optical disk 100 on the trans- 
parent substrate 101 (or 102) side, and is focused on 
the reflecting layer 103 (or 104) as a very small beam 
spot. The reflected light from the reflecting layer 103 (or 
104) passes through the objective lens 203 in the oppo- 
site direction of the incident light and then advances 
along an optical path separated from the optical path of 
the incident light in the reproduction optical system, and 
is sensed by a photo-detector (not shown). 

FIG. 2 shows an embodiment of an optical disk 
apparatus that reproduces the compressed moving-pic- 
ture information recorded on the optical disk 100. In 
FIG. 2, since the optical disk 100 uses the substrates 
101, 102 of about 0.6 mm thick as explained later, to 
strengthen from dust or dirt on its surface than a CD 
using a 1 .2-mm-thick substrate, the disk may be housed 
in a cartridge 200. Unlike a CD, with the optical disk 100 
housed in the cartridge 200, the user need not be cau- 
tious in handling the disk or pay attention to dust and 
dirt, which makes it easier to handle and carry the disk. 
If the disk is exposed like a CD, error correction capabil- 
ity must be determined, taking into account an unex- 
pected accident, such as a scratch. Use of the cartridge 
200 makes such a consideration unnecessary, which 
enables the Reed-Solomon error correction scheme to 
be used in sectors as with a recording/reproducing opti- 
cal disk. This improves the recording efficiency 10% or 
more as compared with a CD, when the formatting of 



the optical disk is effected in units of, for example, 2 to 4 
kbytes (kilo-bytes). 

For example, the 4/9 modulation scheme is used as 
a modulation scheme for recording the information on 

5 the optical disk 100. If the track pitch on the optical disk 
100 is set at 0.72 jim and the pit pitch is set at 0.96 prn, 
it is expected that the pit density ratio will be 3.84 times 
as high as that of a conventional CD format, the modu- 
lation scheme will be 20% better than and the format 

10 efficiency will be 10% higher than the conventional CD 
format. As a result, a total capacity of about 5.1 times as 
large as that of the conventional CD format can be 
expected. When moving-picture information, such as a 
movie, is reproduced at a picture quality as high as S- 

15 VHS as described above, the rate amounts to 4.5 Mbps 
(megabit per second) including audio, with the result 
that the capacity needed for two hours of reproduction is 
4 Gbytes. Because the capacity is 5. 1 times as large as 
that of a conventional CD, the capacity of 4 Gbytes can 

20 be realized on a single side of the disk. Furthermore, 
when the optical disk 100 is made double-sided as 
shown in FIGS. 1 A and 1 B, recording can be effected for 
4 to 5 hours at maximum on a single optical disk. 

In FIG. 2, the optical disk 100 is caught on a taper 

25 cone 220 and rotated by a spindle motor 201 at a rota- 
tion speed of, for example, 1350 rpm. The spindle motor 
201 is driven by a spindle motor driving circuit 202. 

The reproduction optical system is constructed as 
follows. 

30 The objective lens 203 of FIG. 1 B is placed so as to 
face the optical disk 100. The objective lens 203 can be 
moved along the optical axis by a focusing coil 204 and 
across the track width by a tracking coil 205. The LD 
(laser diode) 207 is driven by an LD driver 206 and has 

35 an oscillation wavelength of, for example 650 nm. The 
light beam emitted from the LD 207 is gathered by a col- 
limate lens 208 into a parallel luminous flux and then 
goes into a polarizing beam splitter 209. Because the 
light beam emitted from the DL 207 generally has an 

40 elliptical far field pattern, when a round pattern is 
needed, a beam shaping prism (not shown) should be 
provided behind the collimate lens 208. The light beam 
passed though the polarizing beam splitter 209 is con- 
densed at the objective lens 203 and enters the optical 

45 disk 1 00 on the substrate 1 01 (or 1 02) side. The numer- 
ical aperture NA of the objective lens 203 is, for exam- 
ple, 0.6. 

The light reflected at the reflecting layer 103 (or 
104) of the optical disk 100 passes through the objec- 

50 tive lens 203 in the opposite direction of the incident 
light beam, is reflected at the polarizing beam splitter 
209, travels through the sensing optical system includ- 
ing a lens 210 and a cylindrical lens 21 1 , and enters a 
photo-detector 212. The photo-detector 212 is, for 

55 example, a four-quadrant sensor, whose four sensing 
outputs are inputted to an amplifier array 213 containing 
an amplifier and an adder-subtracter. The amplifier 
array 213 generates a focus error signal F, a tracking 
error signal T, and a reproduced signal. The tracking 



5 



BNSDOCID: <EP 0725396A2_I_> 



7 



EP 0 725 396 A2 



8 



error signal T is produced by push-pull techniques as a 
push-pull signal. The focus error signal F and the track- 
ing error signal T are supplied via a servo controller 214 
to a focusing coil 204 and a tracking coil 205, respec- 
tively. This causes the objective lens 203 to be moved 5 
along the optical axis and across the track width, 
thereby effecting not only the focusing of the light beam 
on the surface of the reflecting layer 103 (or 104) serv- 
ing as the recording face of the disk 100, but also the 
tracking of the target traGk. 

The reproduced signal from the amplifier array 213 
is inputted to a signal processing circuit 215, which per- 
forms waveform equalization and binarization and pro- 
duces a reproduced signal corresponding to the 
information recorded on the optical disk. The details of 
waveform equalization will be explained later. In the 
binarizing process, the reproduced signal after the 
waveform equalization is directed to a PLL (phase lock 
loop) and a data identification circuit. From the repro- 
duced signal, the PLL extracts the channel clock, which 
is the basic clock used in recording the information on 
the optical disk 100. On the basis of the channel clock, 
"0" and "1" are identified, thereby effecting the identifi- 
cation of the information recorded on the optical disk 
100 and producing the data pulses. Specifically, the 
data identification is performed by comparing the repro- 
duced signal after the waveform equalization with a suit- 
able threshold value within a specific duration (referred 
to as the detection window width or the window width) 
on the basis of the timing of the rising or falling of the 
channel clock. 

The data pulses sensed at the signal processing 
circuit 215 is inputted to a disk controller 216. The disk 
controller 216 deciphers the format and corrects errors, 
thereby restoring the information recorded on the opti- 
cal disk. The signal restored at the disk controller 216 is 
inputted to a MPEG2 decoder/controller 217 as a bit 
stream of moving-picture information. With the optical 
disk 100, the data obtained by compressing and encod- 
ing the moving-picture information according to the 
MPEG2 standard is recorded as a bit pattern on the 
substrates 101, 102. Then, the MPEG2 decoder/con- 
troller 217 decodes (or expands) the inputted bit stream 
and reproduces the original moving-picture information. 
The reproduced moving-picture information is inputted 
to a video signal generating circuit 218, which adds sig- 
nals including a blanking signal to the reproduced infor- 
mation to form a video signal of a specific television 
format, such as the NTSC format. The video signal is 
allowed to appear on a display (not shown). 

While in the above disk apparatus, moving pictures 
are recorded on the optical disk, the present invention is 
not limited to this. For instance, when data other than 
moving picture data (e.g., application programs or 
acoustic data) is reproduced, the disc controller 216 
may output digital data to, for example, the main mem- 
ory, followed by a specified process. 

The optical disk 100 of the invention will be 
explained in further detail. 



FIG. 3 exaggeratedly shows the state where the 
optical disk 100 is being rotated by the spindle motor 
201 at a specific rotation speed (e.g., 1350 rpm). The 
present invention is characterized by constructing the 
optical disk 100 so that the degree of a deviation in the 
disk 100 at a rotation speed of 1350 rpm (hereinafter, 
just referred to as the degree of a deviation), that is, the 
angle 8 of the optical disk 100 to a reference plane S, 
may be within ±0.3 0 (nearly 5.24 mrad). The reference 
plane S is a plane perpendicular to the axis of rotation 
of the optical disk 100 (i.e., the axis of rotation of the 
spindle motor 201 in FIG. 2). The optical disk 100 as a 
whole deviates upward as shown by the solid line and 
downward as shown by the broken line with respect to 
the reference plane S. The optical disk 1 00 may deviate 
locally upward or downward. With the invention, by sup- 
pressing the degree 6 of a deviation in the optical disk 
1 00 within ± 0.3 °, the error rate of the reproduced signal 
related to the optical disk 100 itself can be made 10" 4 or 
less as expected originally. 

FIG. 4 shows the angle (referred to as the disk tilt 
angle) formed where the reproducing light beam enter- 
ing the optical disk 100 via the objective lens 203 
crosses a line perpendicular to the face of the optical 
disk 100. 

Ideally, the optical beam should strike the face of 
the optical disk 100 at an angle of 90 °. Actually, how- 
ever, the optical disk deviates from the angle of 90 0 to 
the light beam, because of factors related to the 
medium, such as a deviation in the optical disk 1 00, and 
factors associated with the apparatus, such as an error 
in the installation angle of the optical head of FIG. 2 (the 
portion containing the objective lens 203, focusing coil 
204, tracking coil 205, LD 207, collimate lens 208, polar- 
izing beam splitter 209, the lens 210, and cylindrical 
lens 211). The deviation is referred to as the disk tilt 
angle. The amount of the deviation, that is, the disk tilt 
angle (f), is attributable to the factors related to the 
medium, such as a deviation in the optical disk 1 00, and 
the factors associated with the apparatus, such as an 
error in the installation angle of the optical head. Actu- 
ally the disk tilt angle 4> is related to the error rate of the 
reproduced signal. It is desirable the disk tilt angle 
should be suppressed to 10 mrad or less. 

FIGS. 5A and 5B show the data obtained by actu- 
ally measuring the relationship between the degree 6 of 
a deviation in the optical disk 100 and the error rate due 
to the optical disk 100. in FIG. 5A, the abscissa indi- 
cates the degree of a deviation 61 across the radius (the 
track width) of the optical disk 100. In FIG. 5B, the 
abscissa represents the degree of a deviation 62 along 
the circumference (along the track) of the optical disk 
100. As seen from FIGS. 5A and 5B, to suppress the 
error rate due to the optical disk 100 to 10~ 4 or less both 
across the radius and along the circumference, the 
degree e of deviation (01, 62) should be suppressed to 
within ± 5.24 mrad, that is, within ± 0.3 0 as described 
earlier. 
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The degree e of a deviation in the optical disk 100 
depends largely on the thickness (total thickness) t of 
the optical disk 100. The larger the total thickness t, the 
smaller the degree 9 of deviation. FIG. 6 shows the rela- 
tionship between the total thickness t of the optical disk 
100 and the degree 6 of deviation. From FIG. 6, it is 
apparent that with the total thickness t of the optical disk 
100 being 1.19 mm or more, the degree e of deviation 
can be suppressed to within ± 5.24 (mrad), that is, 
within ± 0.3 ° at 1350 rpm. 

A concrete example of the dimensions of various 
parts of the optical disk 1 00 will be described. 

FIG. 7 shows preferred ranges of the diameters of 
various parts of the optical disk 100. As shown in FIG. 
7, the outside diameter D of the optical disk 100 is set at 
D = 120 ± 0.3 mm, that is, 1 19.7 mm or more and 120.3 
mm or less. The diameter D1 of the clamping hole 1 08 
is set in the range of 15 to 15.1 mm. The inside diameter 
D2 of the clamping zone 109 is set at 22 mm or more 
and its outside diameter D3 is set at 33 mm or less. Fur- 
thermore, the inside diameter of the recording area (the 
outside diameter of nonrecording area) is set at 47.6 
mm or more and 48 mm or less and its outside diameter 
D4 is set at 1 1 6 mm or less. 

FIG. 8 shows the thickness of various parts of the 
optical disk 100. As shown in FIG. 8, the total thickness 
t of the optical disk 100 is 1.19 mm or more and 1.32 
mm or less, the thickness t1 of the substrates 101, 102 
is 0.58 mm or more and 0.64 or less, the thickness t2 of 
the protective layers 105, 106 is 5 jxm or more and 10 
fim or less, thickness t3 of the adhesive layer 107 is 5 
\im or more and 20 jum or less, and further the thickness 
t4 of the reflecting layers 103, 104 is about 0.01 |xm. 

The total thickness t of the optical disk 100 in the 
recording area of FIG. 7 is the sum of the thicknesses of 
the substrates 101, 102, the protective layers 105, 106, 
the adhesive layer 106, and the reflecting layers 103, 
104 (2 x IT + 2 x t2 + 13 + 2 x t4), which is in the range 
of 1.19 to 1.32 mm. Since it is expected that a label of 
0. 1 to 0.2 mm thick to give a description of the informa- 
tion recorded on the optical disk 100 will be put in the 
area outside the clamping zone 109 in the nonrecording 
area of FIG. 7, the total thickness t of the optical disk 
1 00 will be (2 x t1 + 2 x t2 + 13 ..+ 2 x t4) plus the thick- 
ness of the label, and therefore in the range of 1 .29 to 
1 .52 mm, for example. 

As seen from the example of the numerical values 
shown in FIG. 8, the thicknesses t2 and t3 of the protec- 
tive layers 105, 106 and the adhesive layer 107 are on 
the order of microns and the thickness t4 of the reflect- 
ing layer 103 is on the order of angstroms, with the 
result that the thickness t1 of the substrates 101, 102 
accounts for most of the total thickness t. The thick- 
nesses t2, t3, and t4 of the protective layers 105, 106, 
the adhesive layer 107, and the reflecting layer 103 can- 
not be made too thick for reasons of processing. There- 
fore, increasing the total thickness t of the optical disk 
100 means increasing the thickness of the substrates 
101, 102. With the thicknesses t2, t3, and t4 of the pro- 



tective layers 105, 106, the adhesive layer 107, and the 
reflecting layers in the practical ranges, to realize the 
lower limit 1.19 mm of the total thickness t of the optical 
disk 100 necessary to suppress the degree of a devia- 

5 tion in the optical disk 100 to the range of ± 0.3 °, the 
thickness t1 of the substrates 101 , 1 02 should be set at 
0.58 mm or more. 

With the optical disk 100 thus constructed, each of 
the substrates 101, 102 is flexible. However, when the 

io first and second information recording members 111, 
112 containing the substrates 101, 102 as respective 
components are laminated together, the optical disk 100 
as a whole has a higher stiffness than that of the sub- 
strates 101, 102, or is more inflexible than the sub- 

15 strates 101,1 02. Furthermore, although the degree of a 
deviation in the optical disk 100 as a whole is in the 
range of ± 0.3 °, the degree of a deviation in the sub- 
strates 101, 102 alone exceeds the range of ± 0.3 0 at 
the same rotation speed. 

20 Increasing the thickness t1 of the substrates 101, 
102 (hereinafter, referred to as the substrate thickness) 
reduces the degree 8 of deviation because the total 
thickness t of the optical disk 1 00 increases. Making the 
substrate thickness too large, however, results in a 

25 decrease in the window margin in performing data iden- 
tification at the signal processing circuit 215 of FIG. 2, 
leading to an increase in the error rate of the com- 
pressed moving-picture information inputted to the 
MPEG2 decoder/controller 217. To avoid this problem, 

30 with the present invention, the upper limit of the sub- 
strate thickness t1 is set at 0.64 mm. Hereinafter, the 
reason for this will be explained. 

FIG. 9 is a drawing to help explain the shape of a pit 
formed in the substrates 101, 102 of the optical disk 

35 100. As shown in FIG. 9, the pit 10 is shaped like a soc- 
cer stadium and has a trapezoidal cross section. The 
inner wall 1 1 of the pit 1 0 is a downward-inclined portion 
and the bottom 12 is almost flat. Numeral 13 indicates a 
cross section of the pit 10 along the radius of the optical 

40 disk, 14 a cross section of the pit along the circumfer- 
ence of the optical disk (along the track), Wm the 
dimension of the top of the pit 1 0 across the track width 
(the top width), Wi the dimension of the bottom of the pit 
10 across the track width (the bottom width), hm the 

45 depth of the pit 1 0, and Zm the length of the pit 1 0 along 
the track. The shape of the pit 10 is reflected in the 
shape of the surface of the reflecting layers 1 03, 1 04. 

FIG. 10 shows the reproduced signal that the opti- 
cal disk apparatus of FIG: 2 produced from the optical 

so disk 100 by a computer simulation using a known dif- 
fraction model. 

The parameters related to the optical disk appara- 
tus are used in the simulation as follows: 
Laser wavelength X : 650 nm 

55 Numerical aperture NA of the objective lens: 0.6 

Beam filling rate across the disk radius: 0.58 
Beam filling rate along the disk circumference: 

0.31 

The parameters related to the optical disk 100 



3NSDOCID: <EP 0725396A2_I_> 



11 



EP 0 725 396 A2 



12 



are determined as follows: 

Refractive index of the substrate: 1.58 
Thickness of the substrate: 0.6 mm 
Track pitch Tp: 0.72 jjim 

Width of the detection window (window width) 
Tw:0.12fim 

Pit top width Wm: 0.35 \xm 

Pit bottom width Wi: 0.20 |im 

Pit depth: 0.2 (X/n) (n: refractive index of the sub- 
strate) 

It is assumed that the (d, k) ■ (3, 17) system in 
RLL (run length limited) modulation coding and modula- 
tion codes with the code rate (m/n) = 4/9 are used as the 
information recorded on the optical disk 100. This corre- 
sponds to a recording density at which 4.5 Gbytes of 
information is recorded on one side of the optical disk 
100. 

FIG. 10 shows the variety of the reproduced signal 
with the pit edge position in the range of ± 0.5Tw in the 
case where reproduction is effected from the optical 
disk 100 on which pit length recording has been done 
using the above modulation codes. Under the restriction 
of the run length of modulation codes, as the pattern (pit 
pattern) of the reproduced signal that allows the pit 
edge position to appear in the range of ± 10Tw, there 
are one hundred rising signals (signals rising to the right 
in the figure) and one hundred falling signals (signals 
felling to the left) corresponding to the pit edge in the 
center position of FIG. 10. In FIG. 10, these one hun- 
dred types of reproduced signals are drawn one on top 
of another. Furthermore, the reproduced signals are 
drawn one on top of another in these four cases: a case 
where there is no pit on the adjacent tracks on both 
sides of the target track on which the light beam is 
focused, a case where there are long pits, a case where 
there are the starting end of long pits, and a case where 
there are the terminating end of long pits. FIG. 1 0 shows 
an example in a case where the disk tilt angle $ 
explained in FIG. 4 is set at 10 mrad (in the radial direc- 
tion). When a practical optical disk apparatus is 
designed, taking mass production into account, about 
10 mrad must be allowed for the disk tilt angle <|>. With 
the present invention, by limiting the degree 9 of a devi- 
ation in the optical disk 100 rotating at a specific rotation 
speed (1350 rpm) to the range of ± 0.3 ° (about ± 5.24 
mrad), the requirements for the accuracy of the installa- 
tion angle of the optical head are eased. 

FIG. 10 further shows the waveform of the repro- 
duced signal that has undergone signal processing at 
the waveform equalization circuit. FIG. 1 1 is a block dia- 
gram of the waveform equalization circuit contained in 
the signal processing circuit 215 of FIG. 2. The equali- 
zation circuit is a transversal filter waveform equaliza- 
tion circuit containing a delay circuit 20, multipliers 30 to 
34 for weighting factor, and an adder 35. The repro- 
duced signal Si from the amplifier array 213 of FIG. 2 is 
inputted to the delay circuit 20. The delay circuit 20 is 
composed of stages of unit delay elements cascade- 
connected (in this example, four stages of unit delay ele- 



ments 21, 22, 23, and 24 cascade-connected) and has 
a plurality of taps TO, T1, T2, T3, and T4. When the 
reproduced signal Si is an analog signal, the delay cir- 
cuit 20 is made up of an analog signal delay line, such 

5 as a delay circuit and CCD. The unit delay element 21 
and unit delay element 24 have a delay time of x2, and 
the unit delay element 22 and unit delay element 23 has 
a delay time of x1. The unit delay elements 21, 22, 23, 
and 24 are located between taps TO and T1 , between 

w T1 and T2, between T2 and T3, and between T3 and 
T4, respectively. The respective delay times (that is, the 
delay time between adjacent taps) are referred to as tap 
intervals. The tap intervals are usually set to 
t1 = x2 = t. 

15 The output signals from the individual taps TO, T1, 
T2, T3. and T4 are multiplied by a(-f2), a(-f1), 
a{1+2(f1+f2)} , a(-f1), and a(-f2) (these are called tap 
coefficients) at the multipliers 30, 31, 32, 33, and 34, 
respectively, and then the results are added at the adder 

20 35, which produces an output signal So subjected to 
waveform equalization. Here, "a" is a constant except 
for 0 and may be positive or negative. The tap coeffi- 
cient by which the output signal from the central tap T3 
(the main tap) is multiplied is set at a{1+2(f1+f2)j so 

25 that the sum of the tap coefficients by which the output 
signals from the respective taps TO, T1 , T2, T3, and T4 
are multiplied may be a. The reason for this is that when 
the input signal (reproduced signal Si) to the waveform 
equalization circuit is a direct current, the output signal 

30 So is also a direct current, enabling the waveform equal- 
ization circuit to be considered as a simple direct-cur- 
rent amplifier with an amplification factor of "a." 

In this case, if the signal passing through the multi- 
plier 32 connected to the output signal from the central 

35 tap (the main tap) T2 of the delay circuit 20 is consid- 
ered to be the main component, the waveform equaliza- 
tion of the reproduced signal Si can be effected by 
adding to the main component the signals ± t1 , ± (x1 + 
t2) before and after the output signal from the main tap 

40 T2 multiplied by the tap coefficients different from the 
tap coefficient for the output signal from the main tap 
T2. The reason for multiplying the output signals from 
the taps TO, T1 , T3, and T4 before after the main tap T2 
by the tap coefficients having symmetrical values is that 

45 both of the shape of the mark on the optical disk 100 
and the shape of the light beam from the light head are 
symmetrical back and forth (along the track), that is, 
with respect to the time axis. When such symmetry 
does not hold, breaking the symmetry of the tap coeffi- 

50 cients in the waveform equalization circuit may lead to a 
good characteristic. 

By waveform-equalizing the reproduced signal at 
the waveform equalization circuit, the window margin 
shown below can be expanded. In this case, the total 

55 delay time of the waveform equalization circuit was set 
to t1 ■ x2 = 4Tw and the ratio of five tap coefficients 
was set to -f2:-f1 :{1+2(f1+f2)}:-f1 :-f2 , where f1 = 0.045 
and f2 - 0.03. The preferable ranges of f1 and f2 are 
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0.01 '== fi ^ 0.05 and 0.01 =g f2 ss 0.04 respectively, or 
0.03 s f1 ^ 0.07 and 0.15 ^ f2 ^ 0.04 respectively. 

By drawing a diagram as shown in FIG. 1 0 by com- 
puter simulation, margins under bad conditions in the 
range where the operation should be guaranteed can 
be discussed. The principle model for such calculations 
has been well known and requires an extensive volume 
of calculations under various conditions as described 
above. Only after such calculations, the margins can be 
discussed. 

As shown in FIG. 10, for the reproduced signals, 
each of a set of rising signals and a set of falling signals 
is gathered into three groups. These three groups indi- 
cate the signals in the case where there are no pits in 
the pattern of each of two adjacent tracks, the case 
where the starting end or the terminating end of pits 
exist, and the case where long pits exist, from the top in 
that order. When the pattern of both adjacent tracks 
does not fall under these cases, the signal waveform is 
obtained in the form of filling the gaps. 

Since the range of ± O.STw on the abscissa of FIG. 
10 corresponds to the detection window width (window 
width) in performing data identification at the data iden- 
tification circuit in the signal processing circuit 215 of 
FIG. 2, when the rising position or falling position of the 
reproduced signal supplied from the waveform equali- 
zation circuit has exceeded the range, the data identifi- 
cation circuit cannot perform data identification 
correctly, causing an error. Therefore, when a certain 
threshold value is set for the X-shaped reproduced sig- 
nal group, correct reproduction cannot be effected 
unless the position where the reproduced signal 
traverses the threshold value is within the detection win- 
dow width. The width of the range of the position where 
the reproduced signal traverses the threshold value cor- 
responds to jitter. The value obtained by dividing the jit- 
ter by the detection window width Tw is the quantity 
called the window occupation rate and usually 
expressed by %. The value obtained by subtracting the 
window occupation rate from 100% is called the window 
margin. In the calculation, the effects of interference 
between codes, crosstalk, and disk inclination have 
been taken into account, but laser noise, noise from the 
electric system including the electronic circuitry, and 
medium noise have not been taken into consideration. 
For system design, to perform reproduction correctly 
even under these effects, it is necessary to allow for a 
value larger than a certain constant as a widow margin, 
specifically, for example, 10% or more. 

For instance, when the information is reproduced 
via an optical system with X = 650 nm and NA ■ 0.6 from 
the optical disk 100 on which the information has been 
recorded at a high density with a window width of 0.12 
jim, fluctuations in (jitters of) the pit edge position are 
much larger than those of a CD and the window width 
Tw is much smaller than that of a CD. It has been veri- 
fied by experiments that when all factors for degrading 
the signal, including laser noise and noise from the elec- 
tric system have been taken into account, the window 



margin must be made 10% or more to realize an error 
rate of 10~ 4 or less for the reproduced signal from the 
optical disk 100. 

As described above, it is better to make the sub- 

s strate thickness t1 larger to reduce the degree 8 of a 
deviation in the optical disk 1 00. How thick the substrate 
can be made depends on whether 10% is secured for 
the window margin. Namely, the upper limit of the sub- 
strate thickness t1 is allowed until the window margin 

10 has reached the range of 1 0% or more. 

FIG. 12 shows the dependence of the window mar- 
gin on the substrate thickness. The diagram of FIG. 12 
is obtained by basically repeating the same simulation 
calculation as that in FIG. 10 each time the substrate 

15 thickness t1 is changed as shown in FIG. 13. In this 
case, the tap coefficients in the waveform equalization 
circuit of FIG. 11 are optimized for each calculation. As 
seen from FIG. 12, the substrate thickness t must be 
0.64 mm or less to secure 10% or more as the window 

20 margin. This has been revealed only by the systematic 
analysis conducted by the inventors of the present 
invention, taking into account the various factors for 
degrading the signal and the effects of the waveform 
equalization circuit. In this case, the upper limit of the 

25 total thickness t of the optical disk 1 00 is 1 .32 mm. 

The reason why increasing the substrate thickness 
tl decreases the window margin is that increasing the 
substrate thickness tl results in an increase in the aber- 
ration of the light beam caused at the substrates 101, 

30 1 02 as a result of the inclination of the optical disk 1 00. 
Specifically, as the aberration of the light beam become 
larger, the diameter of the spot of the reproducing light 
beam focused on the reflecting layers 103, 104 of the 
optical disk 100 widens, and the sidelobe becomes 

35 greater, increasing crosstalk (i.e., the amount of leak- 
age of the reproduced signal between adjacent tracks 
on the optical disk 100). 

The rms value of the aberration was computed 
using a geometrical model for a case where an ideal 

40 lens whose aberration has been corrected completely 
for a lens load with a refractive index of 1 .58 and a thick- 
ness of 0.6 mm is used with an optical disk 100 with dif- 
ferent refractive indexes of n and substrate thicknesses 
t1 . The procedure for the computation is as follows. 

45 First, the focal point of the paraxial ray is deter- 
mined to be a reference. An increase and decrease in 
the optical path length from the objective lens aperture 
pupil surface to the reference point, that is, the wave- 
front aberration, is obtained as a function of the coordi- 

50 nates of the aperture pupil surface. The wavefront 
aberration thus obtained contains the components due 
to the defocusing of the reproducing light beam. The 
defocusing, however, is corrected by focusing controls 
so that the components are subtracted from the wave- 

55 front aberration and then the mean square of the resid- 
ual is calculated as the rms value (root mean square). 
To subtract the defocused components from the wave- 
front aberration, the best fit spherical surface for the 
cophasal surface was obtained by the method of least 
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squares and then the mean square of the residual was 
computed as the rms value. 

FIG. 14 shows the computation results, with the 
substrate refractive index n on the abscissa, the sub- 
strate thickness t1 on the ordinate, and the rms values 
of the aberration at each point on the coordinate plane 
being represented by contour lines. One-thousandth of 
the laser wavelength X (= 650 nm) is used as a unit/The 
triple circle indicates a point according to the load spec- 
ification of the objective lens, where the aberration 
becomes 0. The substrate refractive index n is n = 1.58 
when the material of the substrates 101 , 102 is polycar- 
bonate/and is n = about 1.49 when the material is 
PMMA. From these results, it is understood that the 
substrate thickness t1 should be made larger when the 
substrate refractive index n is smaller than that in the 
lens load specification. 

The area enclosed by a bold solid line indicates the 
range determined by the optical disk of the present 
invention, where the substrate refractive index n is set to 
the range of 1 .45 or more and 1 .65 or less and the sub- 
strate thickness t1, as described earlier, is set to the 
range of 0.58 mm or more and 0.64 mm or less. 

Claims 

1 . An optical disk comprising: 

a first member (111), which has a disk- 
shaped first transmission substrate (101), a reflect- 
ing layer (103) provided on said first transmission 
substrate (101), and a protective layer (105) pro- 
vided on said reflecting layer (103), for recording 
the desired information; 

an adhesive layer (107) having a first surface 
and a second surface bonded to said protective 
layer (105); and 

a second member (112) having at least a 
second transmission substrate (102) bonded to the 
first surface of said adhesive layer (107), character- 
ized in that 

the thickness of said optical disk is 1 . 1 9 mm 
or more and the degree of a deviation in said optical 
disk rotating at a specific rotation speed is within ± 

0.3°. 

2. An optical disk according to claim 1 , characterized 
in that the thickness of said optical disk is 1 .32 mm 
or less. 

3. An optical disk comprising: 

a first member (111), which has a disk- 
shaped first transmission substrate (101), a reflect- 
ing layer (103) provided on said first transmission 
substrate (101), and a protective layer (105) pro- 
vided on said reflecting layer (103), for recording 
the desired information; 

an adhesive layer (107) having a first surface 
and a second surface bonded to said protective 
layer (105); and 



a second member (112) having at least a 
second transmission substrate (102) bonded to the 
first surface of said adhesive layer (107), character- 
ized in that 

5 the thickness of each of said first and second 

transmission substrate (101, 102) is 0.58 mm or 
more and 0.64 or less. 

4. An optical disk comprising: 

10 a first member (111), which has a disk- 

shaped first transmission substrate (101), a reflect- 
ing layer (103) provided on said first transmission 
substrate (101), and a protective layer (105) pro- 
vided on said reflecting layer (103), for recording 

15 the desired information; 

an adhesive layer (1 07) having a first surface 
and a second surface bonded to said protective 
layer (105); and 

a second member (112) having at least a 

20 second transmission substrate (102) bonded to the 
first surface of said adhesive layer (107), character- 
ized in that 

the degree of a deviation in said optical disk 
rotating at a specific rotation speed is within ±0.3 °. 

25 

5. An optical disk according to claim 4, characterized 
in that said specific rotation speed is 1350 rpm. 

6. An optical disk according to any one of claims 1, 3 
30 or 4, characterized in that said second member 

(112) further includes a reflecting layer (104) pro- 
vided on said second transmission substrate (102) 
and a protective layer (106) provided on said 
reflecting layer (104), and records the desired infor- 
ms mation. 

7. An optical disk according to any one of claims 1 , 3 
or 4, characterized in that the diameter of at least 
said first transmission substrate (101) is 1 19.7 mm 

40 or more and 120.3 mm or less. 

8. An optical disk according to any one of claims 1 , 3 
or 4, characterized in that at least said first trans- 
mission substrate (101) is made of a material 

45 whose refractive index is 1 .45 or more and 1 .65 or 
less. 

9. An optical disk according to any one of claims 1 , 3 
or 4, characterized in that the material of at least 

so said first transmission substrate (101) is one of 
polycarbonate and a resin including polycarbonate, 
and PMMA. 

10. An optical disk according to any one of claims 1,3 
55 or 4, characterized in that said adhesive layer (1 07) 

is made of hot-melt adhesive. 
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11. An optical disk according to any one of claims 1, 3 
or 4, characterized in that said reflecting layer (103) 
is made of an aluminum film. 

12. An optical disk according to any one of claims 1 , 3 
or 4, characterized in that said protective layer 
(105) is made of photo-setting resin. 

13. An optical disk according to any one of claims 1,3 
or 4, characterized in that at least said first trans- 
mission substrate (101) is flexible and said optical 
disk is more rigid than said first transmission sub- 
strate (101). 

14. An optical disk according to any one of claims 1 , 3 
or 4, characterized in that the degree of a deviation 
in at least said first transmission substrate (101) 
rotating at said specific rotation speed exceeds the 
range of ±0.3 V 

15. An optical disk comprising: 

a first member (111), which has a disk- 
shaped first transmission substrate (101), a reflect- 
ing layer (103) provided on said first transmission 
substrate (101), and a protective layer (105) pro- 
vided on said reflecting layer (103), for recording 
the desired information; 

an adhesive layer (1 07) having a first surface 
and a second surface bonded to said protective 
layer (105); and 

a second member (112) having at least a 
second transmission substrate (1 02) bonded to the 
first surface of said adhesive layer (107), character- 
ized in that 

the degree of a deviation in at least said first 
transmission substrate (101) rotating at said spe- 
cific rotation speed exceeds the range of ± 0.3 °, 
and 

the degree of a deviation in said optical disk 
rotating at said specific rotation speed is within ± 

0.3 °. 
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ing the information recorded on said optical disk 
(100) from the reproduced signal supplied from said 
reproducing means (215), characterized in that 

the tilt angle of said optical disk (100) to said 
light beam, including the degree of a deviation in 
said optical disk (100) rotating at said specific rota- 
tion speed, is 1 0 mrad or less. 

17. An optical disk apparatus according to claim 16, 
characterized in that said signal reproducing means 
(215) includes data identifying means for identifying 
data in the reproduced signal equalized at said 
waveform equalization means, and waveform 
equalization means for equalizing the waveform of 
said reproduced signal, and 

said information restoring means (216) 
includes error correcting means for correcting 
errors in the data obtained at said data identifying 
means, and decoding means for restoring the infor- 
mation recorded on said optical disk by decoding 
the data subjected to error correction at said error 
correcting means. 

18. An optical disk apparatus according to claim 16 or 
17, characterized in that the numerical aperture of 
said objective lens is almost 0.6 and the wavelength 
of said light beam is almost 650 nm. 



16. An optical disk apparatus comprising: 

an optical disk (100) according to claim 4; 

rotating means (201, 202, 220) for rotating 
said optical disk (100) at a specific rotation speed; 
. light projecting means (206, 207) for project- 
\ ing a light beam on said optical disk (100) via an 
objective lens (208); 

light sensing means (210, 21 1 , 212, 213) for 
sensing the reflected light of the light beam pro- 
jected by said light projecting means (206, 207) on 
said optical disk (100); 

signal reproducing means (215) for produc- 
ing from the output signal of said light sensing 
means (210, 211, 212, 213) a reproduced signal 
corresponding to the information recorded on said 
optical disk ( 1 00) ; and 

information restoring means (216) for restor- 
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